Selective extraction of copper, mercury, silver and palladium ions from water using hydrophobic ionic liquids. Extractions were also performed with four new task-specific ionic liquids. Such liquids containing a disulfide functional group are efficient and selective for mercury and copper, whereas those containing a nitrile functional group are efficient and selective for silver and palladium.
Introduction
Wastewaters often contain offensive cations. [1] [2] [3] [4] [5] [6] [7] [8] Because of their high affinity for water, it is difficult to remove them using conventional solvents for liquid -liquid extraction.
Hydrophobic ionic liquids may provide a useful extraction process. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Because the properties of ionic liquids are tunable, it may be possible to identify some ionic liquids that have low viscosity, very low solubility in water, and high affinity for selected metal ions. [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Previous reports show that ionic liquids containing imidazolium cations with alkyl chains and [PF 6 ] -anion are not useful for extraction of cations from water. [9] [10] [11] [12] [13] [14] [15] Previous studies using ionic liquids containing [PF 6 ] -anion indicate that this anion decomposes to produce HF when contacted with water. 42 A few recent reports have investigated the toxicity of ILs in water,
suggesting that ionic liquids may be toxic for the environment. [43] [44] [45] [46] When co-extractants, such as crown-ethers, calixarene or other organic ligands, are added to ionic liquids, it is possible to attain high distribution coefficients for cations such as mercury, sodium or strontium.
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However, because ion-exchange may occur between the metal ion and the ionic-liquid's cation, the ionic liquid may decompose in water. [22] [23] [24] [25] Task-specific ionic liquids (TSIL), can extract cations without ion-exchange. [26] [27] [28] TSILs are ionic liquids with functional groups appended to the cation. Some TSILs appear to be efficient 2 for extraction with high selectivity for some metal ions such as mercury, cadmium, 27, 28 or actinides. 26 In this work, we investigate the ability of selected ionic liquids to extract offensive or valuable cations from water. We have studied the extraction properties of ten ionic liquids: 1- 
Extraction
Extraction of metal ions in water was performed as follows:
First, a stock solution was prepared. Chloride metal salts were added to 500 cm 3 of pure water. Concentration of metal ions in water ranged from 50 to 500 mg / kg.
A sample of 20 g of stock solution, was then taken and saturated with an ionic liquid.
When the solubility in water of an ionic liquid is known, an amount of ionic liquid, slightly higher than the one corresponding to the solubility in water of the IL, was added to the solution. When the solubility in water of the ionic liquid was unknown, 1 % by weight of ionic liquid was added to 20 g of stock solution. The resulting stock solution saturated in ionic liquid is referred to as the initial solution.
When the water content of an ionic liquid is high, an ionic liquid phase saturated in water is prepared. Water is added to an ionic liquid until two phases appear.
The extraction experiments were carried out by mixing a sample of initial solution (typically 5 g) with an ionic liquid. After the two phases are placed on a shaker for 48 h, they were centrifuged at 2500 RPM for 20 minutes. The two phases remain in contact for another 24 h to reach equilibrium. Tables 2 to 6 show distribution coefficients for metal ions in water. 
Extraction with ionic liquids containing [BF 4 ] -

Extraction with task-specific ionic liquids
Following the work of Rodgers et al. and others, 27,28,48 we have synthesized some taskspecific ionic liquids for extraction of specific metal ions. To study the effect of both the cation ring and the functional group appended to that ring, we synthesized two types of taskspecific ionic liquids.
First, we studied ionic liquids containing a functional nitrile group appended to either a pyridinium or a piperidinium cation. Second, we studied ionic liquids containing a functional disulfide group appended to a piperidinium or a pyrrolidinium cation. Figure 1 shows structures and abbreviations. Table 5 shows results for the single extractions of aqueous silver nitrate or palladium chloride.
TSILs containing a nitrile group
Synthesis and application of a similar TSIL containing a pyridinium ring and a nitrile group are described elsewhere. 48 In water, this TSIL was reported to form a stable complex with palladium cation.
In our work, TSILs with a nitrile functional group are expected to extract ions like nickel or zinc. Following a previous report, they are also expected to extract silver or palladium. 48 Regrettable, nickel and zinc ions are not efficiently extracted by the two TSILs used here.
However, silver and palladium are completely removed from water.
For ionic liquids containing a nitrile group, results depend significantly on the cation.
Except for silver and palladium, distribution coefficients for all metal ions obtained with 
TSILs containing a disulfide group
To study an ionic liquid with specific attraction for mercury, we synthesized a new TSIL containing a disulfide group.
Because mercury and sulfur are known to interact strongly, we expect mercury ion to bind strongly with this functional group. Considering the structure of the functional group, it is also expected to be selective for ions of a certain size.
To investigate the effect of the cation ring on the distribution coefficients of metal ions, two cations, piperidinium and pyrrolidinium, were used here. Figure 1 shows structures and abbreviations.
13 Once again, the ionic liquid containing piperidinium is less efficient than that containing pyrrolidinium.
Conclusion
Ten ionic liquids were studied for metal-ion extraction from water. With a TSIL containing a disulfide group, mercury and copper were totally extracted from water. Once again, extraction of other metal ions is reduced when a piperidinium cation is used instead of a pyrrolidinium ion.
It appears that an ionic liquid containing piperidinium cations exhibits reduced extracting properties relative to other ionic liquids containing pyrrolidinium or pyridinium cations.
As observed by others, extraction of metal ions can be achieved by using TSILs with specific functional groups. However, in addition to the functional groups, the cation ring as well as the anion of an ionic liquid also has an influence on distribution coefficients. 
